Standing genetic variation is considered a major contributor to the adaptive potential of species. The low heritable genetic variation observed in self-fertilising populations has led to the hypothesis that species with this mating system would be less likely to adapt. However, a non-negligible amount of cryptic genetic variation for polygenic traits, accumulated through negative linkage disequilibrium, could prove to be an important source of standing variation in self-fertilising species. To test this hypothesis we simulated populations under stabilizing selection subjected to an environmental change. We demonstrate that selfing populations are better able to store cryptic genetic variance than outcrossing populations, notably due to the reduced effective recombination rate associated with predominant selfing. Following an environmental shift, this diversity can be partially remobilized through residual allogamy, which increases the additive variance and adaptive potential of predominantly (but not completely) selfing populations. In such conditions, even though the process of adaptation itself is mating system dependant, selfing populations reach levels of fitness that are equal to or higher than outcrossing ones within a few generations. The population size and the mutation rate are the main parameters to consider, as they are the best predictors of the amount of cryptic diversity. Our results and their impact on our knowledge of adaptation under high selfing rates are discussed.
Natural populations harbour a significant amount of genetic variation, especially at 3 loci governing polygenic traits (Mittell et al., 2015; Wood et al., 2016; Clo et al., 2019) . This 4 variation, known as standing genetic variation, has been considered to be an important 5 predictor for the adaptive potential of populations (Orr & Betancourt, 2001 Matuszewski et al., 2015) . Indeed, standing variation represents an easily accessible and non-8 negligible source of genetic variation, that is readily available for adaptation to changing or 9 heterogeneous conditions (Hermisson & Pennings, 2005 ; Barrett & Schluter, 2008) . Contrary 10 to adaptation from de novo mutations, the probability of adapting from standing variation is 11 higher simply because mutations already segregating in a population are expected to be 12 present at higher frequencies (Innan & Kim, 2004 ; Barrett & Schluter, 2008) . It has also been 13 suggested that populations adapting from standing genetic variation can cope with more 14 severe and more rapid environmental change, as they are able to cross larger distances in 15 phenotype space (Matuszewski et al., 2015) . The amount of heritable variation available in a 16 population is thus expected to play a key role in adaptation, and any forces affecting it may 17 greatly influence whether or not populations are able to survive new environments. 18 Mating system is a population characteristic that is known to greatly affect the amount 19 and structure of genetic variance. For instance, both theoretical models (Charlesworth & 20 Charlesworth, 1995; Lande & Porcher, 2015; Abu Awad & Roze, 2018) and empirical data 21 Geber & Griffen, 2003; Clo et al., 2019) have shown 22 that, compared to outcrossing populations, self-fertilization reduces, on average, the amount 23 of additive genetic variance for polygenic or quantitative traits under stabilizing selection. 24 2 This diminution is due to more efficient purifying selection under selfing and to negative 25 linkage disequilibria maintained between alleles at different loci: the so-called Bulmer effect 26 ; Abu Awad & Roze, 2018). Due to this reduction in genetic 27 variability, predominant selfing has been described as an evolutionary dead-end (Stebbins, 28 1957; Takebayashi & Morrell, 2001; Igic & Busch, 2013) . However, recent theoretical work 29 and empirical data have highlighted that cryptic genetic variability could contribute to the 30 adaptive potential of natural populations. Cryptic genetic variation has been defined as the 31 part of a population's standing genetic variation that has no effect on the phenotypic variation 32 in a stable environment but can increase heritable variation in environmental conditions rarely 33 experienced (Gibson & Dworkin, 2004; Paaby & Rockman, 2014) . Such "hidden" variability 34 has been detected in both outcrossing (in sticklebacks, McGuigan et al., 2011, cavefish, 35 Rohner et al., 2013, dung flies, Berger et al., 2011 , gulls, Kim et al., 2013 or spadefoot toads, 36 Ledon-Rettig et al., 2010) and selfing species (Caenorhabditis elegans, Milloz et al. 2008; 37 Arabidopsis thaliana, Queitsch et al. 2002) . Two main mechanisms could explain the 38 accumulation and the release of such variance: interactions between loci (Badano & Katsanis, 39 2002; Shao et al., 2008) , and phenotypic plasticity (Anderson et al., 2013) . In this paper, we 40 focus on interactions between loci maintained at stabilizing selection. 41 In maintaining the population close to the phenotypic optimum, stabilizing selection 42 disfavors apparent genetic and phenotypic diversity Abu Awad & 43 Roze, 2018). However, the structure of the additive variance also strongly depends on the trait 44 mutation rate and the prevalence of pleiotropy (Charlesworth, 1990; 45 Abu Awad & Roze, 2018). When the per-trait mutation rate is weak, associations between 
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Classical models analyzing the effect of selfing on adaptation from standing genetic variation 57 have considered a single locus (Glémin & Ronfort, 2013) , thus neglecting interactions among 58 loci that could result in other forms of standing genetic variation. As self-fertilization reduces 59 the effective recombination rate (Nordborg, 2000) , allowing the maintenance of co-adapted 60 gene complexes, the storage of hidden genetic diversity should be more prevalent in selfing 61 populations (as suggested in Charlesworth, 1990; ; Abu Awad & 62 Roze, 2018). 63 In this paper, we explore this hypothesis, using a quantitative genetics framework. We 64 describe and quantify how, to what degree, and under which conditions populations 65 accumulate hidden genetic variation at polygenic traits. Because the development of tractable 66 analytical predictions of the mean change of the means of phenotype and genetic variance is 67 not trivial and often requires strong hypotheses to be made, notably random mating and 68 considering the system to be at linkage equilibrium (Barton & Turelli, 1987; Keightley & 69 Hill, 1989; Bürger, 1993), we chose to use a simulation approach. We showed that, in models 70 allowing for hidden genetic diversity and when adaptation is only possible from pre-existing 71 standing genetic variation, predominantly (but not obligatory) selfing populations are able to 72 reach similar to higher fitness levels than their mixed-mating and outcrossing counterparts. We consider the evolution of a quantitative trait Z in a population of size N, made of 80 diploid individuals reproducing through partial self-fertilization, with a constant selfing rate σ. 81 The phenotypic value z of an individual is determined by the additive action of L loci each 82 with an infinite possible number of alleles and is given by
where g is the genetic component of the individual's phenotype, and is given by g = ∑ ( + 85 ), with g M j (respectively g P j) the additive allelic effect at locus j inherited from the maternal 86 (respectively paternal) gamete. The random environmental effect, e, is drawn from a Gaussian 87 distribution of mean 0 and variance VE, and is considered to be independent from the genetic 88 components of fitness. The trait initially undergoes stabilizing selection around an optimal 89 phenotypic value, denoted Zopt. The fitness value WZ of an individual with phenotype z is thus 90 described by the Gaussian function:
where d is the distance between the individual's phenotype z and the optimum trait value and 93 ω² is the width of the fitness function, and represents the strength of selection. is therefore equal to 0.0125, 0.0025 or 0.00025 (¯ = a² / 2VS, Martin and Lenormand 2006) . 136 Before the shift in the optimum, Z OPT is set to 0, and after M-S-D equilibrium it is set 137 to 2.5, so that the shift is of order L.a², and ensure that adaptation is due to genetic changes 138 and not environmental variance (Ronce et al., 2009 ). We follow populations only over 20 139 generations after the shift in the optimum, as we chose to follow the possibility of adaptation 140 without any contribution from de novo mutations. After this time limit, genetic variation starts 141 to erode, and the observed results are mainly due to the effects of loss of diversity due to drift 142 and not to the selection process. We also assume that any population unable to adapt over this 143 7 period, is probably under high risk of extinction or replacement by another competing species. 144 Although simulations were run over a large range of selfing rate values, throughout the 145 manuscript we show results run principally for three rates of self-fertilization, σ = 0, 0.5 and 146 0.95, representing outcrossing, mixed-mating and predominantly selfing respectively. These 147 three values were chosen because they were representative of the main patterns of adaptation 148 we observed over the whole range of selfing rates (σ from 0 to 1). We also considered three 149 population sizes N = 250, 1000 or 10000. 
where ¯j is the mean allelic effect on the phenotype at locus j and g M j (respectively g P j) is the By decomposing the observed additive variance VA into the components described in 226 the Methods above (Vgenic, Vinbred, COVLD), we find that for the range of parameters we chose 227 to explore, the strong decrease in VA observed under predominant selfing is not due to a strong 228 decrease in Vgenic but is mostly driven by a large but negative COVLD (Figure 2 ). This 229 confirms the expectation that recurrent selfing favours the maintenance of associations among 230 loci. Under such associations the efficiency of purifying selection is reduced, which in turn 231 contributes to increasing Vgenic and Vinbred as observed in Figure 2 (see also Figures S2 -S9 ). 232 The higher the mutation rate, the weaker the efficiency of purifying selection, leading to Vgenic 233 tending to be higher in selfers compared to outcrossers for high mutation rates. The increase 234 of both Vinbred and Vgenic can, in some cases, overcome the negative effect of COVLD, as is the 235 case for large populations (N=10.000), leading to selfing populations that have close to, and 236 11 sometimes even greater amounts of genetic variance than outcrossing or mixed mating 237 populations ( Figures S6 to S8 ). As can be expected from classical population genetics models, 238 smaller population size leads to a decrease in VA, whereas higher mutation rates tend to 239 increase it ( Figure S1 ). variance increases during the first generations when the mutation rate is small to medium (U ≤ 283 0.05, Figure 4A for N=1000, see supplementary materials for N=10.000). This increase of VA 284 stems from an increase in Vgenic, indicative of the change in the phenotype being driven by a 285 few loci harbouring alleles of strong effect that may have been neutral or deleterious before 286 the environmental change (Bürger 1993) . For high mutation rates (U = 0.1), as for small variance is due to the "release" of genetic diversity (COVLD increases, figure 5D ), whereby the 300 genic and inbred variances remain constant or decrease ( Figure 5B and C) . The variation of 301 Vinbred remains equal to F.Vgenic, indicating that, as observed for outcrossing populations, the 302 inbreeding coefficient does not vary during adaptation. 303 This release of diversity leads to a stronger initial response of the phenotypic trait 304 (computed as the slope of increase of the phenotypic trait for the 5 first generations) for 305 selfing populations, compared to more allogamous ones, for an equal amount of additive 306 variance at equilibrium ( Figure 6) . The larger the population size, the more the pattern 307 14 observed for selfing populations differs from that observed in outcrossing and mixed mating 308 ones ( Figure 6 ). When selection is moderate to weak, the release of hidden variability is not 309 necessary for selfing populations to adapt, thus this increase in the strength of adaptation for 310 selfers is no longer observed ( Figure S26 to S28) . It is important to note though, that in the 311 range of parameters that we have explored, genetic variation in selfing populations is not 312 often maintained at levels as high as those observed in outcrossing and mixed mating 313 populations. Thus for similar population properties (mutation rate, population size), 314 outcrossing and mixed mating can lead to a much stronger responses to selection. In accordance with Stebbins' definition of the dead-end hypothesis (Stebbins, 1957) , 325 single-locus models predict that adaptation from standing genetic variation is less likely in 326 selfing populations compared to outcrossing ones, notably due to the reduced genetic 327 variation resulting from purging (Glémin & Ronfort, 2013) . Considering a polygenic trait, and 328 among loci associations, we find that this is not always the case. Previous works have 329 highlighted that stabilizing selection favours the build-up of associations between loci and, 330 through this, favours the storage of hidden genetic diversity especially in self-fertilising It has been a long accepted paradigm that the advantage procured by selfing is the 370 more rapid fixation of de novo mutations, independently of their dominance coefficient, 371 compared to outcrossing populations, where recessive beneficial mutations can be lost 372 through drift before selection drives them to fixation, a process known has "Haldane's sieve" 373 (Haldane, 1927) . From single locus theory, it is expected that adaptation through new 374 mutations should be more likely in selfing species, and should be more likely than adaptation 375 from standing genetic variation (Glémin & Ronfort, 2013) . However, recent works have 376 suggested that the reduced effective recombination rate in selfing populations adds a (Hartfield & Glémin, 2016 ). This observation, as well as the results presented here, 381 show that considering interactions between loci can strongly modify the expectations from 382 single-locus models. The mutation rate seems to be the major parameter to consider when 383 considering adaptation from a polygenic point of view, independently of whether adaptation 384 occurs from de novo mutations (Hartfield & Glémin, 2016) or standing genetic variation. 385 In our simulations, we have considered a quantitative trait with a simple architecture, 386 assuming pure additivity of genetic effects on the phenotype. Epistasis, and notably its 387 directionality, is known to play a key role in adaptation (Hansen, 2013) 
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Genetic covariance due to linkage disequilibrium (COVLD), for different mutation rates 608 (U=0.005; U=0.03; U=0.05; U=0.1). Error bars stand for 95% confidence interval (n = 100). 609 Other parameter values are N=1000 and VS=2. population size NE, which can be chosen so as to reflect the population's reproductive strategy 10 (see , for the case of dieocious reproduction). Considering these different 11 constructions of models, we briefly compare the analytical expectations of some of the above-12 mentioned works to our simulation results at mutation-selection-drift equilibrium. 13 In the SHC framework ), the amount of additive variance at 14 equilibrium is given by:
Where U, VS and are the haploid mutation rate, the strength of selection and the variance in 17 mutational effects, respectively. Following Caballero & Hill (1992) , and ignoring background 18 selection and linkage disequilibrium, the effective population size of an inbreeding population 19 is NE = N/(1+F). F is the inbreeding coefficient, which, for a given selfing rate σ, is equal to 20 σ/(2-σ). As mentioned above, this approximation takes into account the population and the 21 strength of selection. However the inbreeding coefficient F does not account for consequences 22 of background selection on NE, which are not known in this specific class of population genetics 23 2 models (i.e. quantitative traits and stabilising selection) and could thus limit the accuracy of the 24 SHC approximation. This whole genome is thus modelled as a single locus, with a large number of possible alleles, 33 whose effects follow a Gaussian distribution (Lande, 1977) . 34 To determine the accuracy of these equations under our model conditions, we ran one 35 hundred repetitions per parameter set for three selfing rate values (σ = 0, 0.5 and 1), as well as 36 for the seven mutation rates tested in the main text. The mean additive variance from the 37 simulation runs are then compared to the expectations from equations A.1, A.2 and A.3, by 38 using the sum of absolute values of the differences between observations and expectations over 39 the seven mutation rates. Results are presented in Table A1 . 
